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NVLAP Code: 20/A01 ANSI/NCSL Z540-1-1994; Part 1 Compliant

ELECTROMAGNETICS - DC/LOW FREQUENCY

NVLAP Labcode: 20/E05
DC Resistance

Range Best Uncertainty (+)"’  Remarks
1Qt010Q 0.35 ppm DC Resistance -
10 Q to 100 Q 0.45 ppm DC Resistance
100 ©Q to 1000 @ 0.60 ppm DC Resistance
1000 € to 10000 @ 0.70 ppm DC Resistance

September 30, 2003 ’%LG'/V\J

Effective through For the National Institute of Standards and Technology

NVLAP-01S (06-01)




®
National Institute National Voluntary
of Standards and Technology Laboratory Accreditation Program
3 o

sonee ozmaeee Scope of Accreditation

Revised 4/25/2003 Page 2 of 10
CALIBRATION LABORATORIES NVLAP LAB CODE 200348-0

HART SCIENTIFIC CALIBRATION LABORATORY

THERMODYNAMICS

NVLAP Code: 20/T07
Resistance Thermometry - Calibration of Thermometric Devices

Range Best Uncertainty (+)""’ Remarks
-197 °C (LN2) 0.6 mK Direct Comparison
(TPAr substitution)

-38.8344 °C (TPHg) 0.4 mK Fixed Point
0.010 °C (TPW) 0.2 mK Fixed Point
29.7646 °C (MPGa) 0.4 mK Fixed Point
156.599 °C (FPIn) 0.9 mK Fixed Point.
231.928 °C (FPSn) 0.9 mK Fixed Point
419.527 °C (FPZn) 1.1 mK Fixed Point
660.323 °C (FPAl) 2.1 mK Fixed Point
961.78 °C (FPAg) 10.0 mK Fixed Point

Resistance Thermometry - Fixed Point Schedule 2

-197 °C (LN2) 1.0 mK Routine Measurement Capability
-38.8344 °C (TPHg) 0.8 mK Routine Measurement Capability
OpLS o
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0.010 °C (TPW) 0.5 mK
29.7646 °C (MPGa) 0.8 mK
156.599 °C (FPIn) 1.5 mK
231.928 °C (FPSn) 1.5 mK
419.527 °C (FPZn) 1.8 mK
660.323 °C (FPA1) 3.0 mK

-197 °C (LN2) 6.0 mK
-100 °C 10.0 mK
-38.8344 °C (TPHg) 6.0 mK
0.010 °C (TPW) 4.0 mK
156.599 °C (FPIn) 6.0 mK
231.928 °C (FPSn) 6.0 mK
419.527 °C (FPZn) 9.0 mK
660.323 °C (FPAI) 14.0 mK

September 30, 2003

Effective through
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Routine Measurement Capability
Routine Measurement Capability
Routine Measurement Capability
Routine Measurement Capability
Routine Measurement Capability

Routine Measurement Capability

Resistance Thermometry - Fixed Point Schedule 4 - Single Power Calibration in mini fixed Points

High Quality PRTs only
High Quality PRTs only
High Quality PRTs only
High Quality PRTs only
High Quality PRTs only
High Quality PRTs only
High Quality PRTs only
High Quality PRTs only
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-200 °C

-100 °C to -50 °C
-50 °Cto 0 °C
0.010 °C

0 °Cto 200 °C
200 °C to 300 °C
300 °C to 400 °C
400 °C to 500 °C

-200 °C

-100 to -50 °C
-50to 0 °C

0 to 100 °C
100 to 300 °C
300 to 420 °C

September 30, 2003

10 mK
10 mK
8 mK
6 mK
9 mK
12 mK
14 mK
16 mK

25 mK
25 mK
25 mK
25 mK
30 mK
35 mK

Effective through

Page 4 of 10

NVLAP LAB CODE 200348-0

HART SCIENTIFIC CALIBRATION LABORATORY

Resistance Thermometry Comparison Schedule 1- Single Power Calibration by Comparison

Comparison Method I
Comparison Method [
Comparison Method I
Comparison Method I
Comparison Method I
Comparison Method I
Comparison Method I
Comparison Method I

Resistance Thermometry Comparison Schedule 2 - Single Power Calibration by Comparison

Any Quality PRTs
Any Quality PRTs
Any Quality PRTs
Any Quality PRTs
Any Quality PRTs
Any Quality PRTs

DS v
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420 to 500 °C

-197 °C (LN2)

-100 °C

-38.8344 °C (TPHg)
0.010 °C (TPW)
156.599 °C (FPIn)
231.928 °C (FPSn)
419.527 °C (FPZn)
660.323 °C (FPA1)

-20 °C to 100 °C
100 °C to 150 °C

-50 °C to -20 °C
-20 °Cto 120 °C

September 30, 2003

45 mK

6.0 mK
10.0 mK
6.0 mK
4.0 mK
6.0 mK
6.0 mK
9.0 mK
14.0 mK

1.5 mK
3.0 mK

5.0 mK
4.0 mK

Effective through
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Any Quality PRTs

Resistance Thermometry Fixed Point Schedule 3 - Single Power Calibration

Any SPRTs
Any SPRTs
Any SPRTs
Any SPRTs
Any SPRTs
Any SPRTs
Any SPRTs
Any SPRTs

Precision Thermistors

Precision Thermistors

Thermistors

Thermistors

CrLS i
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120 °C to 150 °C

Certification of Thermometric Fixed Point Cells

TPHg
TPW
MPGa
FPIn
FPSn
FPZn
FPAl
FPAg

TPHg
TPW
MPGa
FPIn
FPSn

September 30, 2003

6.0 mK

0.20 mK
0.07 mK
0.08 mK
0.50 mK
0.60 mK
0.80 mK
1.50 mK
3.50 mK

0.25 mK
0.10 mK
0.10 mK
0.70 mK
0.80 mK

Effective through

Thermistors

Direct Comparison To Reference Cells
Direct Comparison To Reference Cells
Direct Comparison To Reference Cells
Direct Comparison To Reference Cells
Direct Comparison To Reference Cells
Direct Comparison To Reference Cells
Direct Comparison To Reference Cells

Direct Comparison To Reference Cells

Direct Comparison to Working Cells
Direct Comparison to Working Cells
Direct Comparison to Working Cells
Direct Comparison to Working Cells

Direct Comparison to Working Cells

AL ron
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FPZn 1.00 mK Direct Comparison to Working Cells
FPAI 1.80 mK Direct Comparison to Working Cells
FPAg 4.50 mK Direct Comparison to Working Cells

Digital Thermometry (readout devices that actually measure resistance)

0.25t0 4.0 0.20 ppm Ratio Function

1Q 5 ppm Resistance Function
10 @ 4 ppm Resistance Function
100 Q 1 ppm Resistance Function
10000 @ 2 ppm Resistance Function
0 Qto 400 Q 4 ppm Resistance Function
400 © to 10 kQ 8 ppm Resistance Function
10 k€ to 100 kQ 8 ppm Resistance Function
100 kQ to 1 MQ 25 ppm Resistance Function

(L
September 30, 2003 g f%@’w
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Thermocouples

156.599 °C (FPIn)
231.928 °C (FPSn)
419.527 °C (FPZn)
660.323 °C (FPA1)
961.78 °C (FPAg)

‘Digital Thermometers

0°Cto025.0°C

0 mV to 50 mV
50 mV to 100 mV

September 30, 2003

CALIBRATION LABORATORIES

Range Best Uncertainty (+ )"’

Thermocouples - High Quality Thermocouples Only

150 mK
150 mK
150 mK
150 mK
150 mK

10 mK

0.45 uV
0.75 uV

National Voluntary
Laboratory Accreditation Program
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Remarks

Type S and Type R
Type S and Type R
Type S and Type R
Type S and Type R
- Type S and Type R

Internal Reference Junction Compensation

Digital Thermometers (readout devices that actually measure voltage)

Voltage Function

Voltage Function

1L sson

Effective through
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0.010 °C (TPW)

156.599 °C (FPIn)
231.928 °C (FPSn)
419.527 °C (FPZn)
660.323 °C (FPAL)
961.78 °C (FPAg)

1000.00 °C
(extrapolated)

-200 °C

-100 to 50 °C
-50t0 0 °C
0.010 °C

0 to 200 °C

September 30, 2003
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Thermocouples - High Quality Thermocouples Only

10 mK
20 mK
20 mK
20 mK
20 mK
20 mK
25 mK

Digital Thermometer with PRT System

10 mK
10 mK
8 mK
5 mK
8 mK

Effective through
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Au/PT
Au/PT
Au/PT
Au/PT
Au/PT
Au/PT
Au/PT

Comparison or Mini Fixed Points
Comparison or Mini Fixed Points
Comparison or Mini Fixed Points
Comparison or Mini Fixed Points

Comparison or Mini Fixed Points

1L sorn
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200 to 300 °C 9 mK Comparison or Mini Fixed Points
300 to 400 °C 10 mK Comparison or Mini Fixed Points
400 to 550 °C 11 mK Comparison or Mini Fixed Points
660.323 °C (FPA1) 15.0 mK Comparison or Mini Fixed Points

1. Represents an expanded uncertainty using a coverage factor, k=2.
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